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Abstract—This paper presents a didactic strategy based on
information and communication technologies (ICTs) to help
students build knowledge mental models in the context of
Higher Education. It presents a methodology that combines the
flipped classroom with other active methodologies and traditional
lessons to improve the teaching/learning process of Electronics in
university studies in Physics. Using the flipped classroom as the
main strategy, the proposed methodology allows devoting more
classroom time to active learning so that the instructor can follow
the student learning process and evaluate model construction,
while at the same time it increases student implication and fosters
autonomy and cooperation with peers, contributing to a better
construction of knowledge mental models in Electronics.
I. INTRODUCTION
One of the main goals of all degrees in Higher Education
is that students be able to acquire transverse and specific
skills, and to integrate them in the Information and Knowledge
Society, which entails promoting those tools that are most
adequate to deepen in the main topics of each course, from a
point of view where what is learned is as important as how it
is learned.
To achieve this, it is essential to design teaching method-
ologies that are capable to focus on the students, taking
into account their own learning characteristics. A skill-based
teaching, thus, requires a deep change in the usual conceptions
and practices, both by the students and the instructors.
In this respect, Information and Communication Technolo-
gies (ICTs) have been showed to be a very suited tool to
facilitate, promote and enhance the autonomous learning of
the students; besides, they expedite the supervision, guidance
and support offered by the instructors [1].
The applications of ICTs that have the most potential for
education are those that allow a direct intervention in the
stages where students are building their own mental knowledge
models, assessing their prior conceptions, sequencing activities
towards the construction of the models and increasing the
presence of the instructors during the process.
A. Model-based learning
Gobert and Buckley defined model-based learning as the
construction of mental models of phenomena [2], which is
achieved integrating information about their structure, function
and causal mechanism, and mapping it into analogous systems.
In the classical approach of Gilbert, models are built through
induction based on simplified representations of systems [3].
Nowadays, model-based learning is an essential part in the
evolution of scientific knowledge and, thus, constitutes an
important portion of the strategies in science education.
Following this, many authors today advocate that modelling
needs to become a key part of scientific education [4]–[7]. In
this respect, it has been shown that the construction of mental
models brings along the development of most scientific skills:
raise problems, formulate hypotheses, look for information,
develop new explanations or interpret phenomena, among oth-
ers [8], [9]. Nevertheless, it is uncommon in Higher Education
to dedicate resources to help students in the construction of
their own knowledge mental models [10].
B. The flipped classroom in higher education
Flipped classroom methodologies are based on the design of
specific activities to work outside the classroom so that class
time is discharged and can be used to encourage active par-
ticipation through activities that promote the implementation
and application of ideas [11]–[16].
Although there are many patterns to develop flipped class-
room activities, the most common are those where students
watch pre-posted lectures or read papers and solve exercises
before class, freeing classroom time for active learning, which
has important intrinsic benefits while allowing a closer moni-
toring of the learning process of students [17]–[19].
In this respect, the flipped classroom is a relevant instruc-
tional strategy because it addresses teaching transferring the
work to carry out certain learning processes to outside the
classroom, allowing the use of class time for activities that
facilitate and enhance other learning processes that focus on
practising instead of just listening [20]–[22]. This combination
of direct instruction and constructionist method is of great help
to direct the model acquisition.
II. EXPECTATIONS OF THE CURRENT STUDY
The classical interpretation of model-based learning entails
students engaging in an iterative process oriented to build a
mental model of a given phenomena. This can be achieved es-
tablishing comparisons, integrating information, by inductive
processes, assuming simplifications, etc. Nevertheless, despite
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Fig. 1. Diagram showing how the activities to implement the flipped classroom methodology are distributed. The resources presented to students are highlighted
in blue, whereas the resources designed to assess the understanding of the topics and the degree of construction of the models are shown in orange.
model-based learning needs to be carried out by the students,
the instructors can adopt strategies to facilitate the acquisition
of the models and to assess their correctness.
It is in this scenario where the flipped classroom methodol-
ogy stands out. Flipped classrooms are based on providing the
students with activities to carry out outside the classroom, and
lectures are devoted to implementing active learning activities
aimed at reinforcing what students have learned during the
activities carried out outside the classroom.
In this way, by the application of a methodology based
on the flipped classroom, the authors expect to contribute
to a correct development of mental models by the students.
The activities are based on the use of a wide range of
learning supporting materials, each of which plays a role in
the intended outcome, which is facilitating the construction of
mental models by the students. Also, the implementation of the
flipped classroom has proven to increase student implication
and satisfaction, which relates to a better performance and
deeper learning [23].
III. RESEARCH METHOD
The strategy entails the design of a series of specific
teaching resources available in a virtual learning environment,
which is the online platform of the authors’ institution, avail-
able to the students enrolled in the courses offered by the
Electronics Department, both in Bachelor and Master Degrees.
In this work, the participants are students of the course
Physical Electronics, taught in the last year of the Degree
in Physics. Consequently, they have long and successfully
learned various areas of Physics, and have a strong background
in mathematical methods and relevant laboratory experience;
thus, they are autonomous and can be faced with activities in-
volving less guidance, leaving more space for active learning.
In turn, the course Physical Electronics introduces the basic
properties and physical phenomena of electron transport in
semiconductors, and uses them to characterize semiconductor
devices, build behavioural models and compare to the real
operation, and analyse their main applications.
The flipped classroom serves as a pedagogical strategy to
help students build their knowledge models, and also to assess
the construction. Class time is used to improve, put into
context and check the models, and classroom activities are
given an innovative approach to promote other skills such as
autonomy or multi-directional learning [24].
This work combines two lines of action: (i) before-class
and face to face (F2F) class activities based on information
and communication technologies (ICTs), some with enhanced
content, and (ii) F2F activities to apply the knowledge acquired
using active learning strategies [25], [26].
A. Research instruments
A set of specific teaching resources has been created that
can be used before and during class time. They provide an
innovative approach to the discussion of models, facilitating
the understanding of physical phenomena through a visual
description that complements the conventional analytical treat-
ment.
The resources are divided into learning supporting materials
and learning and model construction assessment materials.
Both categories support the teaching/learning process and its
evaluation in the flipped classroom.
1) Learning supporting materials:
• Webinars: Two modules are scheduled: a synchronous,
specialized one of two hour-long sessions covering the
design and fabrication of microelectronic circuits, and an
asynchronous one that gives a realistic view of the indus-
trial processes involved in the fabrication of integrated
circuits (ICs).
• Applets: A library of Matlab interactive applications is
presented [27] that covers: (i) the fabrication of ICs, (ii)
semiconductor physics, and (iii) semiconductor devices
[28]. Students can change the parameters that govern the
phenomena, improving the understanding of the topics.
• Tutorials and lectures: Tutorials lead students into the
most relevant aspects of the tools they use, providing
them with working examples. The lectures are designed
as standard explanatory sessions where the theoretical
foundations of the topics studied in the course are given.
• Simulation tools: Students have access to academic li-
censes of the Cadence design environment [29]. Also,
they are asked to find and use resources available in the
Internet and compare them with the professional tools.
Fig. 2. Illustration of the applet execution for (left) the structure of the MOS
transistor and (right) its operation.
• Virtual laboratory: Virtual laboratory sessions on the
design and characterization of electronic systems are
scheduled.
• Problem-base learning (PBL) sessions: They are designed
as a learning activity where students must cooperate
with their peers, in groups, with the assistance of the
instructors. The problems require not only analyses or
derivations, but also higher-order tasks such as proposing
designs to meet some requirements.
2) Learning and model constructions assessment materials:
• Quizzes: A set of quizzes is integrated to provide students
with feedback about their learning process, fostering
their metacognitive skills [30]. Also, the quizzes can be
tailored to focus on key aspects in terms of the model
construction.
• Problems: They consist of classical academic exercises
and problems that students solve on their own, providing
valuable training before PBL sessions. The problems
exercise the basic theoretical concepts in different scenar-
ios, which contributes to the construction of the mental
models by comparing and integrating information.
• Reports: Their elaboration is relevant because students
reflect on their findings within the theoretical framework.
Also, they need to be written down in an ordered and clear
way, contributing to a reflection on their mental models.
• Wikis: Students develop a wiki on physical devices, col-
lecting and organizing information about their operating
principles, electrical characteristics and other parameters
of interest [31]. Wikis contribute to model construction
because they are a product that results from cooperation
and consensus between peers, which means that students
need to check and confront their models.
IV. PRACTICAL REALIZATION
The design of integrated circuits represents a very valu-
able bridge between the scientifically-driven items found in
the curriculum of a Degree in Physics and the practical
applications that are usually covered in more technology-
based programs such as Engineering studies. Therefore, it is
important that Physics graduates, besides understanding the
physical foundations of the operation of semiconductor devices
and integrated circuits, are also familiar with their practical
limitations. In other words, there are countless tangible results
to which the mental models that the students build from the
theoretical descriptions can be compared.
The proposed methodology aims to provide a comprehen-
sive view of the main processes and activities involved in the
integrated circuit industry. In particular, because the transistor
is by far the most used electronic device and the one that
appears in the largest number of contexts, it is used to illustrate
how the learning resources, along with the flipped classroom,
contribute to the construction of the mental models on how a
real IC is built and operates.
The resources designed for this experience are presented
in three inter-dependent knowledge blocks: ”Technologies
and processes”, ”Semiconductor devices” and ”Specific tools
and webinars” and they all contain learning resources and
activities both pre-class and classroom time. Fig. 1 shows
how before class and F2F activities are distributed, and which
resources are used, respectively, to help students incorporate
that information to their own model of the transistor. Also,
it shows a key distinction between the resources that are
presented to students both in before-class and F2F activities
to provide guidance for different topics, and the resources
designed to assess the degree of understanding of the topics,
and in particular, the degree of construction of the models.
The following paragraphs present a description of the im-
plementation of the different learning supporting materials,
particularized for the topic of the MOS transistor:
• Webinars: Students are asked to attend to some sessions
organizes as online seminars that deal with different
aspects of the fabrication, operation and application of
MOS transistors.
• Applets: Students get familiar with the physical and
chemical processes that are carried out to fabricate MOS
transistors: how masks are used to define active areas and
how processes such as implantation, diffusion, or etching
create them; and also about their operation, for which
students can change the parameters that control each
process. Fig. 2 illustrates this, in terms of the structure
of the MOS transistor and its operation. With the help of
the applets, students visualize the physical structure of an
MOS transistor, creating a link with its behaviour.
• Simulation tools: Students characterize a single-stage
amplifier formed by one MOS transistor, which is done in
the classroom session in a collaborative way, divided in
two stages. First, every student studies how the variation
of one variable affects the general behaviour of the
amplifier (both theoretically and by simulations). Then,
they explain to the rest how the variable they have
studied influences the amplifier behaviour, and all of
them together have to make the decision (also using
simulations) about which are the most suitable values
for each variable. This is done in groups of three or
four students. With this activity, students can evaluate
the correctness of analytical solutions obtained using
approximations and identify possible improvements, a
usual procedure to create new models in science.
(a) (b) (c)
Fig. 3. Examples of the quiz-type activities proposed to students for the different learning activities planned throughout the course: (a) for the webinar
sessions, (b) to be used collectively in F2F theoretical sessions, and (c) for the problem activities.
• Virtual laboratory: The use of simulation tools allows
recreating the activities that are carried out in a laboratory
session, where students need to assemble different test
set-ups to perform the characterization of MOS tran-
sistors. Students are asked to write a scientific report
containing not only a description of the work that has
been done and the results obtained, but also a general
state-of-the-art description, a motivation, and a discussion
of the results. Students form groups of two to three peo-
ple, which fosters the exchange of ideas and contributes
to the construction of their models by contrasting and
comparing them to those of their peers.
• Problem-based learning (PBL) sessions: Associated to
before-class lectures, problems are designed as academic
exercises where students are asked to apply their theoreti-
cal knowledge to different cases of the operation of MOS
transistors. Problems, owing to their ideal nature, allow to
focus on specific relevant aspects while neglecting others,
so that by their design, particular theoretical aspects can
be exercised, contributing to strengthening them in the
construction of the mental models.
Every activity is designed to evaluate specific competencies
and processes, which in turn translates into complementary
relevant information to assess the construction of the mental
models. The assessment of the topic ”MOS transistor” will
be done using the different knowledge and model assessment
materials shown in Fig. 1: quizzes, problems and reports, and
also a rubric to assess the practical realization of laboratory
sessions. They are shown in Fig. 3.
Finally, a survey will be carried out at the end of the course
to gather student feedback on the activity. Students will be
asked about the teaching resources designed for this activity,
both in terms of their own work and their autonomous learning,
as well as about the concrete benefit that the flipped classroom
strategy has on the understanding of the topics.
V. DISCUSSION AND CONCLUSIONS
This work presents the use of flipped classrooms as a
pedagogical tool to implement model-based learning in higher
education. A set of specific teaching resources, following a
flipped classroom strategy, has been designed to enhance the
construction of mental models by students of Electronics. The
resources also serve to evaluate the models and to assess
the effectiveness of the model-based learning approach. To
the authors’ knowledge, the flipped classroom has not been
reported as a pedagogical strategy to help students in higher
education with the construction of their knowledge models.
The flipped classroom strategy has been combined with
other active methodologies and traditional lessons, choosing
at each time the one that is more relevant and adequate for the
students to comprehend each topic. This has advantages over
the traditional approach such as increased student motivation
and autonomy, or a deeper understanding of difficult concepts.
The flipped classroom allows more time for active learning
to happen in the classroom, and the teacher can follow the
learning process more effectively.
In this respect, non-interactive resources are better suited to
present the main topics and ideas, while interactive resources
are useful to create links between them to build the models,
and to check whether the conclusions drawn from the models
are true. Students engage in a process where they develop
their mental models with tools that facilitate their construction
and also assess their correctness. This process requires the
implication of every student and therefore fosters their learning
autonomy, but also the exchange and social cooperation with
their peers to analyse their own knowledge models, which en-
tails sharing hypotheses, amending their thoughts and working
with their cognitive disagreements.
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